Introduction
Distraction osteogenesis is a surgical technique by which bone regeneration is induced between surgically osteotomized bone segments that undergo gradual distraction, resulting in bone lengthening. The soft tissues surrounding the distracted bone have also been found to regenerate. Codivilla was the first to explore DO, and in 1904 reported applying this technique for lengthening of the lower limbs. 1 However, it was not until 1950 that this technique widespread through the works of Ilizarov. 2, 3 In 1992, Mc Carthy et al. were the first to perform mandibular DO in humans. 4 As to the experimental models reported in Medline English literature, there are a number of DO models in endochondral long bones, such as rabbit, 5 dog, 6 rat, 7 chicken, 8 rat tibia and femur. 9 However, extrapolation of results of experimental works on endochondral bone to the maxillae is limited, given that the latter are of different embryologic origin and are formed mainly through membranous ossification. In addition, their remodeling pattern and blood supply is different from that of endochondral long bones. Thus, the parameters used to evaluate DO in long bones may not be optimal to evaluate craniofacial DO. 10 Although there are reports on experimental models in membranous bone of different animals, including dog, 11 pig, 12 rabbit mandibles, [13] [14] [15] and sheep maxillae, 16, 17 comparison and interpretation of data is complex on account of the variations among studies regarding species, the protocol employed, and the anatomical site studied. 18 Experimental models in rats present a series of advantages since the need to use larger animals is avoided, the cost of maintenance is lower, the experimental time points are shorter, and a larger number of animals can be employed. To date, experimental models of endochondral bone DO in rats have used devices designed to fit the tibia, 6, 7 and those reporting membranous bone DO have employed distraction devices designed to fit rat cranium 19 or dentate mandible. 18, [20] [21] [22] [23] [24] [25] [26] Rat mandible Mandibular bone is of ectomesenchymal origin and forms mainly through membranous ossification, with some portions of hyaline cartilage that will participate in secondary growth and which will later be replaced with bone formed by endochondral ossification. Thus, the mandible possesses distinctive features in different regions, which must be taken into account when selecting the site to apply a distraction osteogenesis device.
Different types of ossification processes occur in the mandible. It is therefore paramount to find the most suitable site to specifically evaluate membranous bone DO, which must be free of other tissues, such as hyaline cartilage, periodontal ligament, dentin, cementum, and so forth. The ideal sector to perform such evaluation is the alveolar ridge, where there are no secondary cartilages. However, the presence of molars could pose a problem since teeth and associated tissues encountered at the chosen site might render osteotomy and subsequent evaluation of healing somewhat difficult. Hence, the present model involved extraction of the mandibular molars.
Thus, the aim of the present study was to develop an original experimental design of mandibular DO in edentulous rats that would produce the sufficient quantity and quality of membranous bone to allow evaluating the events involved in the bone regeneration process that takes place during DO.
Methodology
Eight male Wistar rats weighing seventy-five grams were used. All procedures were reviewed and approved by the Ethics Committee of the School of Dentistry of the University of Buenos Aires, which follows the Guide for the Care and Use of Laboratory Animals (NRC 1996) . Extraction of lower molars of both hemimandibles was performed under general anesthesia by intraperitoneal (IP) injection of ketamine 40 mg/kg (Ketamina 50, Holliday-Scott S.A., Beccar, Buenos Aires, Argentina) and xylazine 5 mg/kg (kensol König, Laboratorios König S.A., Avellaneda, Buenos Aires, Argentina) following the technique described by Guglielmotti and Cabrini. 27 Subcutaneous antibiotic administration was performed postoperatively (benzatinic and procaine penicillin, 0.1 mL/kg, Dipenisol Retard, Bayer S.A., Buenos Aires, Argentina). The animals were housed in cages and fed a soft diet ad libitum for 1 week. Sixty days post-extraction, alveolar wound healing was complete and the rats had grown to an adequate size to undergo osteotomy and distraction.
Osteotomy and distraction
Under general anesthesia, right mandible osteotomy was performed when rats had grown to weigh 350 g; the procedure finishes with the placement of a distraction device. After antisepsis and shaving the skin of the right sub-mandibular region, a 2-cm long antero-posterior incision was made along the lower edge of the mandible using a blade scalpel. The skin and subcutaneous tissue were dissected to disclose the medial masseter-pterygoid sling, which was sectioned using the scalpel. Using a blunt spatula, both muscles were then detached to expose both the internal and external aspects of the mandibular body. On the external surface of the mandible, in the middle region corresponding to the mesial aspect of the lower first molar, there is an approximately 8-mm long bony crest extending from the mesial aspect of the lower first molar to the gonial angle. Using a 0.5-mm cylindrical bur at 300 rpm (revolutions per minute) and under profuse irrigation with saline solution, the osteotomy site was marked on the middle region of the aforementioned bony crest, 4 mm from and perpendicular to the residual ridge. Using a cylindrical bur, a 1-mm diameter hole was drilled through two cortical layers of the mandible, six millimeters anteriorly and posteriorly to the marked site. A second hole was drilled behind the posterior perforation in order to increase anchorage in the region of the mandibular ramus. The Micro-implants for orthodontic traction (MIOTs) were screwed into the holes and osteotomy was performed using burs at low rotation speed and using a water cooling system. The distraction device was placed to test proper positioning and ensure it exerted no tension on the fracture ends, and was then removed. The wound was closed in layers and sutured using 5.0 nylon suture for deep layers and 3.0 nylon suture to close the skin. The distraction device was placed again and fixed with self-curing acrylic resin. The present device is an extra-oral distraction device.
Distraction Device
An acrylic lock was made on each side of a Mini Dentaurum  expansion screw, to hold the MIOT when placing the device and fixing it inside the jaw. These acrylic locks were cut using burs and polishing sandpaper discs in order to obtain a device small enough to adapt to the size of the hemimandible of a 350-g body weight rat (Figure 1 ). 
Proposed Study

Radiographic Techniques
Radiographs were taken at the end of the experiment prior to and after removal of the distraction device, using periapical dental radiographic film and MTX 70 mV 8mA dental X-ray equipment (Dental San Justo, Buenos Aires, Argentina) at 70 Kv and 0.8 sec exposure time; the focus-to-film distance was 40 cm. Radiographs were processed following standard protocols.
Materials processing
The animals were sedated with 0.5 mg/kg b.w. of acepromacine and then sacrificed by sodium thiopental (Pentotet  , Richmond Vet, Buenos Aires, Argentina) overdose. The heads were resected and fixed in 10% buffered formalin. X-rays were taken perpendicular to the occlusal plane of the mandible to confirm the position of the distraction device and the gap created throughout the experiment. The hemimandibles were dissected, the distraction device was carefully removed and the mandibles were radiographed horizontally and vertically to observe the distraction gap (Figure 2) . The hemimandibles were decalcified in EDTA (ethylenediaminetetraacetic acid) at pH 7 and embedded in paraffin. Sixmicron thickness mesiodistal sections parallel to the residual ridge were obtained and stained with hematoxylin-eosin (H-E) following standard protocols. The sections were used to adjust the technique for measuring, determining and recording newly formed bone (Figure 3 ).
Results
Edentulous left hemimandible of animals not subjected to DO Gross examination and radiographic study Figure 4a shows the hemimandible of an animal of 350 g of body weight but subjected to molar extraction when weighing 75 g; figure 4b is the corresponding radiograph, evidencing that the residual ridge healed completely, was sufficient in quantity for this experimental design, and presented similar radiopacity to that of surrounding mature bone.
Histologic Study
As can be observed in Figure 5 , following extraction of molars, healing resulted in the presence of mature bone tissue with a mineralized bone matrix exhibiting incremental lines that demonstrate the occurrence of both bone modeling and remodeling.
Edentulous right hemimandible of animals subjected to distraction
Gross Examination and radiographic study The distraction device used herein proved to be A B appropriate both as regards size and simplicity of design and placement and use during surgery. Radiographs taken prior to removing the distraction device allowed confirming the proper placement and position of the device (Figure 6a ). Radiographs taken after removal of the device proved a useful guide to obtain adequately oriented histological sections (Figures 6b and 6c) . Figure 6d is a microphotograph of a histological section of an animal subjected to the osteotomy and distraction protocol; it shows the proper orientation of the surgical piece, as is evidenced by the presence of a continuously erupting tooth in the lower region, and the area of bone tissue chosen to perform the distraction. The histologic study demonstrated the presence of mature bone tissue on the occlusal aspect of the incisor. The distraction gap was found to be filled with mature bone.
Discussion
The experimental design described in the present study poses certain advantages compared to other rat mandibular distraction designs reported in the literature. DO was performed entirely in membra- 
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nous bone and avoiding the presence of teeth. This is particularly significant when attempting to study bone tissue specifically. Teeth comprise dentin, enamel, cementum, and the periodontal ligament, and their presence in the osteotomy site might interfere with the healing process and bias interpretation of results. Experimental models of mandibular DO in rats reported in the literature performed osteotomy between the first and second molar, 20 between the second and third molar, 26 and behind the three molars. 28 In 2008, Ali et al. reported a histologic study on the cellular events that take place during DO in rats; the authors performed their study in basal mandibular bone on the grounds that it plays an important functional role. 29 We chose to use residual ridge bone since, in addition to obtaining a greater volume of bone to work with, it is a functional bone with a higher remodeling rate than other types of bone. 30 Other authors performed distraction in the mandibular ramus of the rat; 18 it must be pointed out, however, that this is a very thin part of the mandible, making it difficult not only to perform osteotomy during surgery, place the distraction device, and later activate the device, but also to obtain properly oriented histological sections. Furthermore, because the secondary condylar and coronoid growth cartilages are located in the mandibular ramus, it presents two types of ossification: membranous ossification in some areas and endochondral ossification in the coronoid apophysis and mandibular condyle.
To date, there are no previous reports on mandibular DO in edentulous Wistar rats. The experimental post-tooth extraction time allowed for complete bone healing. By the time the rat had grown to weigh 350 g, alveolar bone healing was complete and mandible size was adequate to place the distraction device. The microphotographs show that the quality and quantity of the newly formed bone was excellent. Thus, the DO model described herein would allow drawing more reliable conclusions regarding the regeneration process induced by distraction osteogenesis. The distraction device presented in this study is original and was made using dental materials employed on a daily basis.
The protocol proposed in this study produced substantial bone regeneration in the distraction gap, without the presence of dental or paradental tissues. In addition, the section orientation used in this study may prove useful to establish comparisons and perform histologic and static and dynamic histomorphometric studies, as well as immunohistochemical and other specific staining techniques, according to the particular aims of each study.
Conclusion
This model of mandibular rat distraction osteogenesis proved useful to obtain adequate quantity and quality of bone to study the bone regeneration process.
